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Objective: To compare the survival of occlusal and occlusal-proximal restorations performed with resin-
modified glass-ionomer cement (RMGIC) in deciduous molars using rubber dam and cotton rolls isolation. 
Material and Methods: Ninety-two patients were included and 200 deciduous molars with cavitated 
occlusal or occlusoproximal dentin caries lesions were randomized into two groups: cotton rolls (n = 100) 
and rubber dam (n = 100) and RMGIC restorations were placed. At baseline and in the follow-up visit, 
presence, severity and activity of caries lesions were registered. Two independent, blinded examiners 
evaluated the treated teeth clinically using the USPHS criteria and radiographically after 9 months. 
Descriptive analysis, survival curve (log-rank test) and Cox regression were performed to assess risk factors 
related to failure. Results: Out of the 179 teeth (92 cotton rolls group and 87 rubber dam group) evaluated 
at 9-month follow-up period. No lesion progression was observed radiographically. The overall treatment 
success rate was 85.47% (83.47% for cotton rolls and 87.35 rubber dam group). No significant difference 
between isolation methods was observed in the log-rank test (p = 0.16). Cox regression showed no risk 
factors related to failure. Conclusion: No difference was found in the survival of occlusal and occlusal-
proximal restorations performed with RMGIC in deciduous molars using a rubber dam and cotton rolls 
isolation after a 9-month follow-up period. 
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Restorative treatments are performed to aid biofilm control, protect the pulp-dentin complex, and 
restore the integrity of the dental structure, thereby recovering functional and esthetic needs and causing no 
unnecessary damage. Carious tissue removal ensures the conditions for a long-lasting restoration, preserves 
remineralizable tissue, maintains pulp vitality, and achieves an adequate seal [1]. Complete carious tissue 
removal of deep carious lesions has been proven to increase the occurrence of pulpal exposure and 
postoperative pulpal symptoms compared with selective carious tissue removal [2,3]. Selective caries removal 
(SCR) is a contemporary approach for the restorative treatment of deep caries lesions in dentin, showing good 
results along time [1,4]. In deep lesions, SCR of soft dentin has been recommended to avoid pulp exposure and 
allow the placement of a durable restoration [1]. Despite the benefits of SCR, evidence regarding survival of 
restoration in deciduous teeth is limited [2]. 
After SCR, the restorative technique with composite resin recommends using rubber dam isolation to 
reduce bacterial contamination and control humidity [5]. The isolation is made with rubber dam, dental clamp 
and bow and usually is necessary to perform some kind of anesthetic technique to reduce the discomfort [6]. 
Both rubber dam and cotton rolls are currently used in dentistry to isolate the treatment field and to 
exclude moisture. There are advantages and disadvantages associated with each method from the different 
points of view of person and dentist. Moreover, several randomized controlled trials have been conducted to 
determine whether the use of a rubber dam for restorative treatments influences the treatment outcomes [7-9]. 
In addition to the type of isolation, the success of treatment also depends on the restorative material 
used. A systematic meta-analysis review [10] assessed the survival of restorations performed with different 
restorative materials after RSTC. There was no statistically significant difference between composite resin and 
resin-modified glass-ionomer cement (RMGIC), which had higher survival rates than conventional (chemically 
activated) glass ionomer cement. 
Because of its ease of use and shorter clinical time, when using RMGIC, rubber dam isolation may not 
be required, using only cottons rolls isolations and saliva ejector [11]. Besides, the manufacturer of RMGIC 
generally recommends the use of isolation; however, any specification is given about rubber dam or cotton 
rolls. In the study conducted by Carvalho et al. [7], restorations performed under rubber dam and cotton 
rolls/saliva ejector had similar survival rates, i.e., the use of rubber dam did not increase the longevity of 
conventional glass-ionomer restorations in deciduous teeth. 
Considering deciduous dentition, an extremely important factor is the time taken to perform the 
procedure, as well as the psychological impact and discomfort that a more invasive treatment may cause [12]. 
Therefore, the aim of this randomized controlled clinical trial was to compare the survival of occlusal 
and occlusal-proximal restorations performed with RMGIC in deciduous molars using rubber dam and cotton 
rolls isolation. Besides, this study assessed clinic and radiographic arrestment of lesions as well as pulp vitality 
of restored teeth. The null hypothesis tested was that rubber dam isolation does not increase the survival rates 
of RMGIC restorations of dentin caries lesions in deciduous molars. 
 
Material and Methods 
Sample Size 
The sample size calculation was performed based on a previous study [7] performed in deciduous 
teeth that evaluated the survival rates of occlusal-proximal atraumatic restorative treatment (ART) 
restorations placed in deciduous molars using cotton rolls or rubber dam as isolation methods. A sample of 48 
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teeth was defined per group (96 total teeth), considering a superiority design, with a power of 80% and level of 
significance of 5%, accepting a success rate of 61.9% in the cotton rolls isolation group and 80% in the rubber 
dam isolation group with a 30% sample loss rate and 20% of cluster effect. 
 
Participants and Recruitment 
This single-blind randomized controlled clinical trial was reported according to the CONSORT 
statement. The treatments were carried out at the Pediatric Clinic in the Federal University of Rio Grande do 
Sul, School of Dentistry, Porto Alegre, Brazil, after the Local Research Ethics Committee approval (CAAE: 
80465617.6.0000.5347). A written informed consent was obtained from all participants and their parents or 
legal guardians (REBEC Register Number: RBR-8HCG2C). 
Between December 2018 and May 2019, 197 children (1576 teeth) aged between 3 to 9 years old 
seeking dental treatment were evaluated, and 92 (mean age = 6) were included after a complete anamnesis and 
clinical and radiographic examination. Standardized modified interproximal radiographs were taken to evaluate 
the pulp and periapical condition. Visible plaque index (VPI), gingival bleeding index (GBI) and clinical 
examinations were performed by two operators (NMS and CSS) who were trained and calibrated according to 
the International Caries Detection System (ICDAS) and for caries activity according to visual-tactile criteria 
proposed by Nyvad and Baelum [13]. The kappa inter-examiner value for clinical examinations was 0,80 and 
the intra-examiner values were 0,69 (CSS) and 0,83 (NMS). 
Inclusion criteria consisted of patients with at least one cavitated occlusal or occlusoproximal carious 
lesion in a deciduous molar with a radiographically measurable depth in the outer or inner half of the dentin 
[14] referred to restorative treatment. The included teeth should also have at least two-thirds of the root 
visible in the radiography. Patients with spontaneous pain, fistula, and mobility not compatible with the root 
resorption period and advanced rhizolysis were not included. During the study, patients who did not want to 
participate any longer or who moved out of the city were excluded. 
 
Randomization and Allocation Confidentiality 
A list of random numbers generated using the site www.randomization.com was used for the 
randomization process in which the tooth was the unit. The list was in possession of a third researcher not 
involved with the clinical assessment or with data analysis and was revealed to the operators only when the 
child was already in the chair. The randomization unit was the tooth, so in case of a child needs more than one 
restoration, another appointment was scheduled. 
 
Clinical Exams and Interventions 
All patients received prophylaxis prior to treatment and oral hygiene guidance with toothbrush and 
floss, fluoride dentifrice (1100 ppm F), and dietary counselling. The treatments were performed by two 
paediatric specialist dentists (CSS and NMS) following the protocol in which the tooth was allocated, as 
follows: 
• Rubber dam group (test): After local anesthesia, the tooth was isolated using rubber dam, Ostby arch, 
dental floss, and appropriate clamp. The selective caries removal was performed using a slow, new, sterile, 
and round steel bur, according to the clinical hardness criteria. As proposed by the manufacturer, the 
phosphoric acid (Super Etch 37%, SDI, Victoria, Australia) was applied to the prepared surfaces and left in 
the cavity for 10 seconds, then rinsed thoroughly with water and the cavity gently air-dried. For 
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occlusoproximal cavities, a Tofflemire matrix band nº 1 with a universal Tofflemire matrix retainer was 
placed (Tofflemire, New York, USA). The restoration was performed with the RMGIC powder/liquid 
(RIVA Light Cure – SDI, Victoria, Australia) with an insertion spatula, following the manufacturer's 
instructions. The restoration was light-cured for 20 s using an LED light-curing unit (Emitter C Schuster 
– intensity of 1250 mW/cm2). For cavities deeper than 1.8 mm, the material was applied in two layers. 
Finishing and polishing were carried out with diamond drills and silicone tips. 
• Cotton rolls group (control): The tooth was isolated using cotton rolls together with suction to remove 
the excess of saliva. The selective caries removal and restorative procedure were performed exactly as 
done for test group. In both groups, the restorations were performed with four hands. 
 
Follow-up Assessment and Radiographic Analysis 
Patients returned after 9 months. In this follow-up visit, VPI, GBI were performed and after 
prophylaxis with Robinson bristle brushes, the dental caries was assessed according to ICDAS scores and 
caries activity was assessed according to the visual-tactile criteria proposed by Nyvad and Baelum [13]. Two 
blinded trained and calibrated examiners (JT and SW) evaluated the treated teeth using the USPHS criteria 
[15] (Table 1). Based on the USPHS criteria, considering the restorative material, Criteria I (retention), III 
(marginal integrity), VII (postoperative sensitivity according to patient), and IX (secondary caries) were used 
to evaluate the survival of the treatments. The kappa inter-examiner value was 0.75 and the intra-examiner 
values were 0.89 (JT) and 0.92 (SW). 
 
Table 1. Summary of USPHS criteria [15]. 
Criteria Test Procedure USPHS Score  
I. Retention Visual inspection with 
mirror at 18 inches 
Complete retention of the restoration Alpha 
Mobilization of the restoration, still present Bravo 
Loss of the restoration Charlie* 
III. Marginal Integrity Visual inspection with 
mirror at 18 inches 
Absence of discrepancy at probing Alpha 
Presence of discrepancy at probing, without dentin exposure Bravo 





Ask patients Absence of the dentinal hypersensitivity Alpha 
Presence of mild and transient hypersensitivity Bravo 
Presence of strong and intolerable hypersensitivity Charlie* 
IX. Secondary Caries Visual inspection with 
explorer and mirror, if 
needed 
No evidence of caries Alpha 
Evidence of caries along the marginal of the restoration Bravo* 
 
A standardized modified interproximal radiograph was followed up for 9 months. Lesions were 
visually classified by a senior researcher (JAR) as ‘progressed’ or ‘arrested’ in darkroom conditions on the 
negatoscope. The examiner was blind with regard to groups. No important changes to methods were made 
after trial commencement. 
 
Outcome 
The main outcome variable was the integrity of the intervention material (longevity of the material 
according to USPHS criteria) and, secondarily, caries arrestment status (absence or presence). Criteria I (C), 
VII (C), and IX (B) were considered as clinical failure. In these cases, the teeth were submitted to the 
appropriate treatment (restoration, endodontic, or extraction) and the failure was registered. In cases where a 
failure occurred in the margin of the restoration with exposure of dentin (III - C), restoration was repaired 
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according to the group in which the tooth was allocated and continued to be evaluated. Teeth showing 
radiographic carious lesion progression were submitted to appropriate treatment (restoration, endodontic, or 
extraction) and the failure was registered. 
 
Statistical Analysis 
Clinical failures related to treatments were submitted to multivariate logistic regression with shared 
fragility (Cox regression). Median was used to dichotomize age and dmft. Cut point for VPI and GBI as set at 
10%, according to Trombelli et al. [16]. Variables showing an association with p-values below or equal to 0.20 
in the univariate model were submitted to multivariate analysis. The Kaplan-Meier method was used to 
analyze differences in treatment survival rates between groups. The log-rank test was used to compare group 
success rates. A paired t-test was performed to analyze inter- and intra-group VPI and GBI. All analyzes were 
performed considering a significance level of 5%, using appropriate statistical software (IBM SPSS 20.0). 
 
Results 
Ninety-two children were included (mean age 6.8 ± 1.37; 39 males (42.4%) and 53 females (57.6%). A 
total of 200 dentin cavitated lesions were treated (100 for each group). No difference was observed between the 
sample characteristics (except for dmft and location of the lesion in the arch) as described in Table 2. 
 
Table 2. Sample characteristics according to treatment groups at baseline. 
 Treatment  
Variables Cotton Rolls Rubber Dam p-value 
 N N  
Referring to the Patient    
Gender    
Male 36 34 0.55 
Female 56 53  
Visible Plaque Index    
<10% 08 14 0.10 
>11% 84 73  
Gingival Bleeding Index    
<10% 40 36 0.44 
>11% 52 51  
dmft    
<3 43 27 0.02* 
>4 49 60  
Age (Years)    
<6.6 43 44 0.35 
>6.7 49 43  
Location of the Lesion    
Restored Surfaces    
1 Surface 57 55 0.49 
2 Surfaces 35 32  
Arch    
Upper 39 49 0.04* 
Lower 53 38  
Side    
Right 49 44 0.41 
Left 43 43  
Molar    
1st Molar 39 36 0.50 
2nd Molar 53 51  
*Chi-square test. 
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At the 9-month follow-up, 77 children (179 teeth; 92 cotton rolls and 87 rubber dam) were clinically 
and radiographically evaluated (89.5% of baseline). The number of children, teeth allocated in each group, and 
drop-outs at the evaluation period can be observed in the flow diagram (Figure 1). 
 
 
Figure 1. CONSORT Flow Diagram. 
 
The overall treatment success rate was 85.47% (83.47% for the cotton rolls group and 87.35% for the 
rubber dam group). Kaplan-Meier survival curve is presented in Figure 2. The log-rank test was not 
significant (p=0.16). No lesion progression was observed radiographically. 
According to USPHS criteria, there were 4 failures that occurred in the cotton rolls group and 5 
failures in the rubber dam group according to Criterion I (retention). Three failures occurred in the cotton rolls 
group, and 1 failure occurred in the rubber dam group, according to Criterion III (marginal integrity). Seven 
failures occurred in the cotton rolls group and 3 failures in the rubber dam group, according to Criterion IX 
(secondary caries). Postoperative sensitivity (Criterion VII) was not reported by any child of both groups. 
Cox regression was used to assess the risk factors related to failure (isolation method; age; gender; 
dmf-t; teeth; location of the lesion, VPI and GBI). There was no significant association with the risk factors 
analyzed (Table 3). 




Figure 2. Kaplan-Meier survival curves. 
 
Table 3. Univariatea and multivariateb Cox Regression. 
Risk Factors Categories Hazard Ratioa 
(IC 95%) 







0.97 - - 




0.79 - - 























0.62 - - 











0.28 - - 









0.97 - - 
 
There was a statistically significant improvement in the GBI values (t-test; p=0.00). The same test 
also pointed out the decrease on VPI and GBI values during the 9 months for each group (rubber dam and 
cotton rolls). There was a statistically significant improvement for GBI in the rubber dam group (p=0.00). No 
important harms or unintended effects were observed in both groups (Table 4). 
 
Table 4. Changes regarding VPI and GBI values. 
 Paired Differences  
Variables Mean SD Std. Error 
Mean 
95% CI of the Difference p-value 
 Lower Upper  
VPI VPI Initial – 6m -0.05 0.37 0.02 -0.11 0.00 0.05 
GBI GBI Initial – 6m -0.17 0.65 0.04 -0.26 -0.07 0.00* 
Dmft Dmft Initial – 6m -0.04 0.40 0.03 -0.10 0.01 0.14 
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Cotton Rolls VPI Initial – 6m -0.01 0.34 0.03 -0.08 0.06 0.76 
 GBI Initial – 6m -0.15 0.67 0.07 -0.29 -0.01 0.03 
 Dmft Initial – 6m -0.08 0.43 0.04 -0.17 0.00 0.05 
Rubber Dam VPI Initial – 6m -0.10 0.40 0.04 -0.19 -0.01 0.01 
 GBI Initial – 6m -0.19 0.62 0.06 -0.32 -0.06 0.00* 




This is the first randomized controlled clinical study in deciduous molars that tested isolation methods 
for RMGIC restorations. This study showed that the use of rubber dam isolation did not increase the survival 
rates of RMGIC restorations nor did not show an association to the arrestment of dentin cavitated caries 
lesions. These findings are in accordance with the study of Carvalho et al. [7], which reported that proximal 
atraumatic restorative treatment (ART) restorations performed in deciduous molars with rubber dam were not 
statistically different than with cotton rolls/saliva ejector. Moreover, our results also showed no radiographic 
lesion progression in both groups. 
This clinical trial showed that the survival rate of RMGIC restorations was not influenced by the type 
of isolation since no statistically significant difference between the groups was found. According to Carvalho et 
al. [7], saliva contamination is supposed to be one of the causes of the low success rate of occluso-proximal 
restorations. However, the use of rubber dam isolation to avoid saliva contamination during the ART 
procedure did not significantly improve the survival rate of occluso-proximal restorations on deciduous teeth. 
The authors also suggest that the possible contamination by saliva is not the determining factor in the failure 
of ART occluso-proximal restorations. On the other hand, a study evaluated the influence of relative and 
absolute isolation on the survival of proximal ART restorations in deciduous molars with three different types 
of glass ionomer cements (Fuji IX, Ketac Molar Easymix and Ketac Molar Aplicap) [8]. The authors 
concluded that after two years of follow-up, the survival rate of restorations placed under rubber dam isolation 
was greater than those performed under relative isolation; however, when comparing the isolation technique 
and the material used, the survival of the restorations showed no difference [8]. 
Especially in pediatric dentistry, factors related to the patient can play an important role when 
considering behavior management. Thus, the survival of the restoration can vary due to different conditions 
that affect the technique [17,18]. Poor oral hygiene and increased sugar intake are frequent in high-caries risk 
pediatric patients and can contribute to caries development. As secondary caries or caries adjacent to 
restorations are subjected to the same factors as primary caries, the difficulty of the dentist or of the patients 
and their families to change behaviors could contribute to the early failure of restorations in pediatric dentistry. 
This highlights the need for professionals to work with a health-promoting approach, which should improve 
treatment longevity [19]. In this study, it was observed that the patients had a significant improvement in the 
GBI, which is probably linked to the fact that all dental care needs, including non, micro- and invasive 
treatments, were provided. 
In the present study, no primary lesion progression was clinically and radiographically observed in 
both groups. Concerning failures, the systematic review of Chisini et al. [20] showed that caries near the 
restoration was the main reason for failures for composite or for glass ionomer materials, suggesting that the 
release of fluoride by glass-ionomer cement did not affect the longevity of restorations. This data is in 
accordance with the present study, where the main reason for failure was dental caries adjacent to restorations 
(7 failures occurred in the cotton rolls group and 3 failures in the rubber dam group). Four failures related to 
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marginal integrity were observed (3 in the cotton rolls group and 1 in the rubber dam group), which were 
repaired and kept in the sample for follow-up and further analysis. This conservative approach is strongly 
recommended since it can increase restoration survival without the need for replacement. Considering the 
involved surface, occlusal-proximal restorations showed similar risk or failure compared to occlusal 
restorations. However, a longer period of follow-up is needed to stronger this evidence. 
Regarding the method of assessing restorations, Wang et al. [21] conducted a systematic review to 
assess the effects of rubber dam isolation compared with other types of isolation used for direct and indirect 
restorative treatments in dental patients. Three out of 4 studies reported low survival rates. However, it was 
not possible to group the results to address this information due to the inconsistent presentation of the data, 
differences in the restorative treatments performed, different monitoring moments or different criteria used to 
define 'survival / failure' between them. Other systematic review [10], which assessed the influence of the 
isolation technique on direct restorations, also reported the inconsistency in the assessment of survival of 
restorations because the four articles selected for analysis none used the same criteria. This difference in the 
criteria to determine the success of dental restorations can be considered a problem, as pointed out by 
Chadwick et al. [22], who considered that inconsistencies in the use of clinical criteria could be an important 
source of bias in clinical trials.  In our study, the USPHS criterion was used to assess the survival rates, which 
is a criterion able to register important failures in RMGIC restorations (retention, marginal integrity, 
secondary caries and post-operatory pain). 
It is important to highlight that the results of the present clinical trial should be evaluated with 
caution, given the short time period of follow-up. Besides, the clinical decision must be based not only on the 
type of isolation but also on the operator's degree of experience, which is probably a related factor in the 
survival of the restoration. Studies with longer follow-up are needed to assess the survival of restorations. 
 
Conclusion 
No difference was found in the survival of occlusal and occlusal-proximal restorations performed with 
RMGIC in deciduous molars using rubber dam and cotton rolls isolation after a 9-month follow-up period. 
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